Nitrogen (N 2 ) is an essential nutrient for plants. However, when the application of nitrogen exceeds the needs of the plant and the denitrification capacity, nitrogen can migrate to groundwater, usually in the form of nitrates. The transfer of nitrates in soil results from a large number of interdependent factors: climatic, agrological, and agronomic. The Conditions of interaction of these factors can lead to situations more or less favorable to leaching of nitrates. Thus, according to some studies in agronomy, high levels of nitrate pollution observed result from an increase in the mineralization capacity of soils under the cumulative effect of intensive farming practices. Many European countries and some U.S. states are already based on the nitrate test for establishing the optimum nitrogen doses. In agricultural areas, the use of large amounts of mineral fertilizers and the increased volume of animal waste as a result of development of breeding cause nitrogen excess surplus capacity utilization by the vegetation, it is driven into groundwater and causes an increase in nitrate concentrations. With a total annual volume of agricultural production of around 1.5 million tons, agriculture is certainly the pole par excellence of the Hight-Cheliff. The main crops are arboriculture and gardening. Potatoes covered nearly half (48%) of the total volume of agricultural production, it is a major consumer of Nitrogen fertilizers. For the purpose of estimate the amount of leachable nitrogen, nitrogen balance was drawn up , see all the inputs and outputs of nitrogen were almost estimated. This study associate groundwater nitrate pollution with agricultural activity in the high-Cheliff intensive farming regions in Algeria. The spatial probability distribution of nitrate contents, based on nonlinear methods of indicatory kriging, shows the spatial evolution of nitrate through a map established for the year 2011 during high waters. The obtained results show that the areas exceeding nitrate concentrations of 50ppm, occupy more than 80% of the aquifer area, it appears, from this map, the most affected areas are those for with the level of intensification of nitrogen fertilization is strongest specially in the zone of potatoes crops. These results are coherent with the experimental data, which show an average nitrate concentration value of 75ppm, significantly higher than the WHO'S maximum contaminant level. In this study the estimate of the total nitrogen inputs to soils of the valley was 247Kg.ha -1 for this year and compared it with the results of Computer models such as PILOTEN used to analyze alternative management practices together with soil, plant, and climate characteristics to determine nitrogen leached under the potatoes crops ( hot spot areas ).The result show that 60% of nitrogen input is leaching under potato crops which coherent with the spatial evolution of nitrate.
INTRODUCTION
Nitrate pollution of groundwater is depleting rapidly with the ever-increasing massive industrialization, urbanization, and the agricultural expansion with its associated activities that pose high pressure on groundwater resources [1] it has been highlighted by several studies on different aquifers in Algeria [26] [22] . It is often associated with intensive farming [9] . In the plain of High-Cheliff located in the North Algerian or main activity revolves around agriculture, the risk of nitrate pollution threatens water resources. With a total annual volume of agricultural production around 1.5 million ton, agriculture is certainly the destination by excellence in the region, Potato, covered nearly half (48%) of the total agricultural production of High-Cheliff and provides more than 40 % of the national production of potato, the latter being a major consumer of nitrogen fertilizer types. This work helps to visualize the extent of the pollution and to determine its origin and the main mechanisms that govern it.
MATERIALS AND METHODS

Study Area
The study area located north-west of Algeria ( The region exhibits a Mediterranean semi-arid climate with long hot summer and short warm winter. The considerable difference between the maximum recorded temperature in July (46 ° C) and minimum in the month of January (0 °C) reflects a marked continentality despite its proximity to the sea because the massive of Zaccar barrier isolating the High-Cheliff to the influence of the Mediterranean. The water balance established in 2011 by the Thornthwaite method on data from the rainfall station-Khemis Miliana (station of Harraza) indicates a relatively high evapotranspiration and water deficit with 923.38 mm and 562.58 mm respectively, in parallel with deduced operating surplus water is only 5% of the total rainfall (203 mm).
Hydrogeological Context
Quaternary forming the embankment of the valley include sand, gravel or clay and sandstone that vary from a few meters to over 150 m. It is exploited with an average annual volume of approximately 19.4 hm 3 [2] , of which 32% is for drinking water, irrigation 61% and 7% industrial uses [34] [33] .
Lithologic descriptions [4] indicate that below the zone of soil, large sections of clay materials covering the same ancient alluvial deposits of the corresponding plain of silty clayey deposit of recent Quaternary. These layers are located in the north and south of the valley with average thicknesses of 8 to 10 m. To the north and west is a thick clay profile that offers low permeability does not allow sufficient recharging the aquifer horizon. Instead, on the edges of the valley, more permeable formations are the unsaturated zone.
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The monitoring network with 15 wells and 34 wells and four piezometers enable study the chemical changes in the water mass and groundwater levels.
The piezometric map established for the month of May 2011 shows closed curves in the center of the plain and opens to the edges ( fig.2 ). This indicates power from the borders to towards the plain. Perpendicular to the axis of the valley piezometric lines converges toward the center of the plain before taking a direction parallel to the EO during the Cheliff wadi. Depressions are observed in the east of the plain due to the effect of intensive pumping for agricultural purposes.
In addition to the meteoric water, the water gets a significant power north from the Jurassic limestone manifested by a strong gradient (0.9%) in a northeasterly direction. Receives another lower supply from the Cheliff river and tributaries (Deurdeur, Souffay, Boutane ......), with a gradient (0.7%).
Soil Context
The soil studies related to the Valley Cheliff which is an alluvial plain with high agricultural potential are numerous [12] [15], soils often have a structure in average to poor stability [16] [22] .The soils of the plain are formed in Quaternary alluvium [12] [15] . These soils is in majority poorly differentiated, more or less calcareous variable texture, sometimes with locally hydromorphic with the presence of vertic soils.
There are two main groups:
-Soils piedmont only observed on the edges of the valley, is balanced texture (40% sand, 35% silt, 25% clay), well structured and has therefore a very good permeability. The high permeability of these soils results in the transport of water infiltration into the deeper layers is very fast. The dwelling time of water in the surface layers is very short, so that nitrates are leached faster than the speed of biological processes (microbial organization, absorption by a covered).
-The soils of the plain (alluvial) are generally locally variable clay texture. Heavy soils (≥ 40% clay on average) are important in the most recent alluvial formations such as plain Djellida and the left bank of the plain of El Khemis they may show signs of water logging and salinity (conductivity between 2 and 72 dS.m 
Land Occupation
The information collected from the direction of the agricultural department of Ain Defla report for the areas of agricultural land of which 18% are actually irrigated, the garden farming is the most important perimeter speculation, concentrated throughout the valley and especially in the west side, it is irrigated from wells and drillings (boreholes) in the area and releases from dams Ghrib, Deurdeur and Harraza. The annual average concentrations of nitrates in waters of the dams are low (<20 mg / l) [5] and can act as diluents.Covering a total area of 5636ha, garden farming occupies the first position of importance and is located mainly near the edges of the valley (the Aribs, Djendel Sidi lakhder, Djelida), their irrigation is provided by individual wells.
Sampling and Analytical Methods
A total of 51 groundwater samples irregularly distributed covering several geomorphologic, soil, and land cover units in the area were collected from shallow (mostly <120 m deep) wells during field campaigns carried out in May 2011 . A piezometric campaign and chemical analysis was carried out after application of large amounts of nitrogen fertilizer, especially fertilizers background on garden crops. Water depths in the wells ranged from 4 to 40 m with an average oscillating around 18m. Samples of water filtered at 0.45 microns using syringe filters (Sartorius) are taken in stoppered plastic (polyethylene), previously rinsed with filtered water sample, and immediately stored to keep temperature below at 4 O C until arrival at the laboratory.
In the laboratory, they are placed in the refrigerator and analyzed within 24 hours of collection. The physico-chemical parameters (T, pH, conductivity) were in situ measured using a multiparameter WTW Universal Conductivity Meter Multi-Line P4 set and probes. The analysis of chemical elements was performed by the following methods (Rodier, 1996) : the calcium, hardness (TH), magnesium, chloride and bicarbonate by titration, sodium and potassium were determined by the spectrophotometer flame emission (brand JENWAY PFPZ) on the wave lengths of 589 and 766.5 nm.n. Sulphates and nitrates were determined by a spectrophotometer HACH DR/4000 brand model 48000) on the wavelengths 420 and 415nm, the estimated absolute error of the various chemical and physico-chemical parameters are identified in Table   2 . For different analyzes the ionic balance is less than 5%. The ordinary and indicator kriging with semivarogram modeling implemented in the geostatistical analyst of the ArcGIS9.3 package was then used to produce spatial maps of the measured and estimated spatial evolution of nitrate in groundwater. For modeling the effects of potato crop agricultural practices on nitrate leaching, the PILOTEN model was selected.
Spatial Prediction Of Nitrate (Geostatistical Modeling)
The indicator kriging can map the probabilities of different threshold levels of nitrate retained and the average probability of nitrates by calculating their mathematical expectation. The indicator kriging is a nonparametric method based on a prior transformation of the variable studied indicator taking the value 0 and 1 according to the thresholds chosen variable [11] [18] . Spatial analysis of this type of kriging is not done on the variable itself but on the transformed this variable by binary coding called indicator function. The threshold values (threshold values) depend, in our case, the limits of nuisance or toxicity (drinking water standards). n:the number of data points included in the estimate λ i :the weight assigned to the experimental points
The difference between the estimates of indicator functions for two consecutive threshold values used to calculate the corresponding probability at any point: It requires climate given at a daily weather: Rain, reference evapotranspiration (ET0), global radiation and mean temperature. It also requires information on the plant (planting date, root growth, physiological status, conversion efficiency) and ground (initial water reserve, volumetric water content at field capacity and wilting point) [25] .
It consists of two main modules: "Soil" module, which models the water transfers in the soil using three compartments (or reservoirs): a surface reservoir, which manages the exchange of the atmosphere with water median reservoir, which evolves with rooting and a deep reservoir, located below the root front and which is limited by the maximum rooting; "plant" module, which simulates the evolution of the LAI, Leaf Area Index according to water conditions and temperatures corresponding to different stages of plant development [30] [31] . Soil evaporation and crop transpiration rates take into consideration the evolution of leaf area index (LAI) and the soil water content.
Associated with climate data (rainfall, average temperature, evapotranspiration, global radiation) the period over which the simulation is done, the combination of two modules provides for a culture and soil characteristics data, an estimate of yield and water consumption required to achieve this performance [32] . La conduite de l'irrigation (dates et quantités d'eau apportées) peut être défin (inputs other than irrigation are assumed to be non limiting). PILOTEN performs a complete nitrogen balance in a simulation period. The software also evaluates the N draining [21] and N leaching. It is a well-known code that has been used to estimate the leaching of nitrogen.
RESULTS AND DISCUSSION
Nitrate Mapping
Two threshold values were used: the first corresponds to greater than 50 mg/l which is the maximum limit set by the WHO levels: the second value equal to 80 mg/l is chosen taking into account the distribution of data and a limit beyond which the water consumption is very dangerous.
The average variogram (omnidirectional) calculated for the mathematical expectation of nitrate shows a good spatial structure with a range equal to 11900 m.
The latter expresses that good spatial continuity also shows a pattern in the spatial variability of nitrates in view of the high ratio between the address which is equal to 0.26 (mg / l)² and the nugget effect equal to 0.04 (mg / l)² ( fig.6 ). Quantification and contribution of nitrogen inputs in the soil on groundwater contamination by nitrates.
The map established by Indicator Kriging (IK) method Map of the mathematical expectation of nitrate is established to map the spatial distribution of nitrate within the parameters of the variogram (Fig.6 ). It appears from this map that the most contaminated surfaces (NO 3 > 65 mg/l) are those for which the level of intensification of nitrogen fertilization (zone of garden farming, potato in particular benefitting from a phenomenal nitrogen fertilization). [9] .
It is east of the plain where the old alluvial soils and non-clayey foothills are characterized by the highest permeabilities [42] . The sensitivity of the soil to nitrate leaching is therefore very high. In these same areas, the exploitations of the breeding are more intensive. As to the southwest extension, it contains a high nitrate levels ( NO 3 > 50 mg/l) despite the very fine texture of the soil, this is due to the accumulation of pollution in the direction water flow from the upstream to the downstream hydraulic. With the exception of a zone located in the extreme north, the weak values surfaces are located in the northwest of the plain and do not exceed 50 mg/l. In this area, fine texture of the soil reduces significantly the spread of nitrates in depth view of the low permeability [13] .
Quantification Of Total Nitrogen Inputs In The Study Area
The estimate of the total nitrogen input can be given by the following equation: brought on the soils of the plain High-Cheliff during this year. Nitrogen brought by agriculture (fertilizers and irrigation) 62% of the total nitrogen applied to soils of the region. 90% of the latter is attributed to nitrogen fertilizer intensively used in garden farming, potatoes in particular. Extrapolated to the total irrigated area, this contribution (related to fertilizers) is estimated at 247kg.ha -1 for this year.
Contribution from fertilizers
A field investigation from 350 agricultural exploitations has allowed us to develop a calendar of cultural practices (dates, fertilization) and estimate, therefore, nitrogen inputs for each type of land use. The industrial chemical fertilizers, especially, 15.15.15 NPK is predominant in almost all of the exploitations with annual average doses of 2000 kg. ha -1 for potato, used as background fertilizer. Other fertilizers such as urea (46%) and sulfate of ammonium used as cover fertilizer.
Figure 4. Variogram and Map of nitrate concentrations estimated by ordinary kriging
The amount of nitrogen obtained for each crop type is deducted of the product of the dose of fertilizer that it receives by the corresponding area application.
Contribution from the water of irrigation
Garden farming and cereals surfaces are irrigated from groundwater of which nitrate concentrations, for the majority, exceed the potability standard (50 mg.L -1 ) [8] . Referring to the potability standard (50mg.L -1 ), we can estimate the amount of nitrogen in this water using the formula below [32] ; [10] X N is the annual amount of nitrogen applied by irrigation water (KgN.ha . The total quantity of nitrogen brought by the water of irrigation for the year 2011 was 344.58t/year (Fig.7) which represents only 10% of the one produced by the nitrogen fertilizers(3139.65t/year).
Contribution from breeding
The calculation of yearly total quantities of organic nitrogen generated by the set of each animal category for the year 2011 is based on the values of nitrogen produced annually per head for each species proposed by the (CORPEN 1988 (CORPEN , 1999 (CORPEN and 2001 . The results that we obtained show that the majority of this organic nitrogen is produced by cows (1515.7 t/ year).
Domestic and industrial inputs
The average rate of connection of the population to wastewater systems is approximately 98.57% to the municipalities of El Khemis and Sidi Lakhder is lowered to 70% in areas (Arib, Ain Sultan) or autonomous sanitation (individual and collective septic tanks) and is highlighted. The estimate of the yearly total quantities of organic nitrogen produced by domestic sewage is based on the nitrogen content of the volume of domestic wastewater populations not connected to the sewage network. The quantity of nitrogen produced so calculated (344.58 t / year) is only about 23% of that generated by breeding.The nitrogen produced by nitrogen fertilizers is estimated about 56% of the total nitrogen input added to the soil of the plain High-Cheliff for 2011. The contribution from breeding and domestic wastewater assessed for 2011 represents about 38% of the total nitrogen (5633.13 t) brought on the soils of the valley High-Cheliff during this year.The dumps, often seen on permeable soils, can also convey important quantities of nitrates in depth difficult to quantify at this stage of study.
Modelling Results of N Leaching Under Potato Crops
Simulated amounts of water infiltrated and N leached past 0.9 m depth for each potato crop period are shown in graphs As encountered by other authors [17] , days when N leaching occurs correspond to days with heavy rains or irrigation (Tab.2) " " " " " " " " " " " " " " " " " " " " " " " " "
With regards to nitrate leaching, the main difference between rainfall and the application of irrigation water is the concentration of nitrate it holds. The average nitrate concentration in rainwater over the whole studied period was in the order of 6 mg l , this implies that the intensification of fertilizer and irrigation frequent applications played an important role in the total N leached increasing .
The nitrogen produced by fertilizers is estimated about 56% (154 kg N ha -1 ) of the total nitrogen input added to the soil of the plain HighCheliff for 2011, the model of simulation shown that 95% of N lixiviation was from the potatoes crops the same zone located to the map of nitrate established by ordinary kriging.
CONCLUSIONS
The spatial relationship between NO 3 -concentrations in well waters and the N leaching under potato crops were studied in the HighCheliff Plain. Nitrate pollution in aquifers of the High-Cheliff in semi-arid climate seem. Indeed, important quantities of nitrogen (5500 T), brought annually to the soils of High-Cheliff valley by different practices (agriculture, breeding…..), don't reach the aquifer because of the climate and the soil characteristics. It can be concluded that the indicator kriging method, correctly reflects the potential risk of nitrate pollution exceeding the maximum allowable value for drinking water, and is a suitable tool for the assessment of uncertainty in local estimation. Based on the results, the standard error maps portrayed the suitable reliability of the prediction map, although extra sampling points are suggested for monitoring, especially near the boundaries to reduce the estimation error in a non-sampled region. It has also been shown that land use plays an important role on the water quality change, such as the potato corps we found high nitrate concentration. Therefore, integrated aquifer management strategies can be designed when water quality analyses are complimented with land use. The calibrated and validated PILOTEN model was applied to field experiments in a Mediterranean area (Morocco, Spain, French) where potato cropping systems under common local agricultural management practices were implemented. PILOTEN was able to predict water content at different depths and nitrate concentration in drained water past 0.9 m depth with reasonable accuracy providing good predictions compared to field observations. The model simulated the amount of water drained and N leached below the root zone . Also, the adopted approach of comparing total nitrogen input content in soil of High-Cheliff to the N leaching under potao crops (the main culture in the region) and simulated data at 0.9 m depth resulted in a good option for the modelling. This extra N input to the system from irrigation water should be considered in the N budget when designing fertilizer applications following crop requirements. Planned measures to reduce the impact of fertilizers and irrigation on the aquifer need to be taken by the agricultural and water sectors. However, these options should rely on technical and socio-economic requirements.
